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Background: Excessive daytime sleepiness (EDS) often occurs as a result of insufficient sleep, 
sleep apnea, illicit substance use, and other medical and psychiatric conditions. This study 
tested the hypothesis that blacks exhibiting EDS would have poorer self-reported adherence to 
hypertensive medication using cross-sectional data from the Counseling African- Americans to 
Control Hypertension (CAATCH) trial. 

Methods: A total of 1,058 hypertensive blacks (average age 57+12 years) participated in 
CAATCH, a randomized controlled trial evaluating the effectiveness of a multilevel interven- 
tion for participants who receive care from community health centers in New York City. Data 
analyzed in this study included baseline sociodemographics, medical history, EDS, and medi- 
cation adherence. We used the Epworth Sleepiness Scale, with a cutoff score of & 10, to define 
EDS. Medication adherence was measured using an abbreviated Morisky Medication Adherence 
scale, with a score >0 indicating nonadherence. 

Results: Of the sample, 71% were female, 72% received at least a high school education, 51% 
reported a history of smoking, and 33% had a history of alcohol consumption. Overall, 27% of 
the participants exhibited EDS, and 44% of those who exhibited EDS were classified as adherent 
to prescribed antihypertensive medications. Multivariable logistic regression analysis, adjusting 
for effects of age, body mass index, sex, education, and smoking and drinking history indicated 
that participants who exhibited EDS were more than twice as likely to be nonadherent (odds 
ratio 2.28, 95% confidence interval 1.42-3.67, P<0.001). 

Conclusion: Analysis of the CAATCH data showed a high prevalence of EDS among hyper- 
tensive blacks. EDS is a significant predictor of nonadherence to prescribed medications for 
hypertension. These findings point to a modifiable variable that can be targeted in future inter- 
ventions focusing on medication adherence. 

Keywords: excessive daytime sleepiness, hypertension, medication adherence, blacks 

Introduction 

Hypertension affects more than 70 million people in the US and is one of the leading 
risk factors for cardiovascular morbidity and mortality. 1-3 Current treatment regimens 
are effective in controlling hypertension, leading to a decrease in cardiovascular-related 
events, including stroke and premature death. 1 According to the Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure, 69% of hypertensive individuals fail to achieve the recom- 
mended blood pressure (BP) goal (< 140/90 mmHg). 1,4 While blacks are prescribed 
antihypertensive medications at nearly the same rates as non-Hispanic whites, 
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disparities persist in terms of overall disease management. 
The evidence shows that only 52% of blacks achieve the rec- 
ommended BP control, 5 which is closely related to medication 
adherence. A large, representative, prospective cohort study 
of adults aged 45 years and older found that blacks had worse 
medication adherence compared with whites (67.0% versus 
33%, J P<0.0001) using the Morisky Medication Adherence 
scale. 6 Together, these findings may explain in part why blacks 
experience worse cardiovascular health outcomes. 

Several studies have investigated the multifaceted role 
of patient adherence, including age, socioeconomic status, 
knowledge, attitudes, beliefs, and perceptions, as well as 
factors including perceived self-efficacy, patient-provider 
communication, and access to health care. 7 " 11 One important 
but overlooked factor is the role of excessive daytime sleepi- 
ness (EDS). 

EDS, the main symptom of sleep-disordered breath- 
ing, has been estimated to affect up to 37% of the adult US 
population. 12 Importantly, EDS is often chronic, lasting for 
more than a year in individuals with moderate or severe 
sleepiness. 13 It often occurs as a result of insufficient sleep, 
sleep apnea, illicit substance use, depression, cancer, and 
other medical conditions. 14 Of interest is the evidence that 
supports EDS as an independent risk factor for hyperten- 
sion. 15 " 19 Indeed, there is extensive literature on risk factors for 
daytime sleepiness, including obesity, age, physical activity, 
and alcohol use, 14 - 20 all of which are known risk factors for 
hypertension. It is plausible that daytime sleepiness could 
lead to poor medication adherence. To date, no studies have 
examined the role of EDS in poor medication adherence 
among hypertensive patients. This is particularly important 
for blacks, who tend to report inadequate sleep (short and 
long sleep durations), obstructive sleep apnea, and overall 
poor sleep quality. 21-23 

Identifying the complex role of medication adherence, 
particularly in the context of sleep, could prove useful in 
designing BP control interventions for blacks. In this cross- 
sectional study, we analyzed data to test the hypothesis that 
individuals who exhibit EDS would have poorer self-reported 
adherence to antihypertensive medication. The participants 
were from the Counseling African Americans to Control 
Hypertension (CAATCH) trial. The study is registered at 
clinicaltrials.gov (NCT00233220). 24 

Materials and methods 

CAATCH trial 

The CAATCH trial is a group randomized control trial 
comparing a motivational interviewing-based intervention 
with usual care to improve BP control among hypertensive 



blacks who receive care in community health care centers. 
From 2006 to 2009, a total of 1,058 individuals (mean age 
46.75+1 6.23 years) were recruited from 30 community health 
care centers in the New York City metropolitan area. The 
community health care centers were eligible if at least 25% of 
their patients self-identified as black or African- American. 25 
For this secondary data analysis, we focused on baseline 
sociodemographic and clinical characteristics of CAATCH 
trial participants. The study methodology and design have 
been reported previously. 25 

Procedures 

Participants were eligible for the study if they met the fol- 
lowing inclusion criteria: self-identify as black or African- 
American, English speaking, at least 18 years of age, 
receiving care at a participating community health care center 
for at least a 6-month period, diagnosis of hypertension and 
uncontrolled BP at the last office visit (BP > 140/90 mmHg), 
taking at least one antihypertensive medication, and hav- 
ing uncontrolled BP (systolic BP >140 mmHg or diastolic 
BP >90 mmHg) at the time of consent. BP was measured 
using an automated oscillometric validated BP monitor 
(BpTRU®, Smiths Medical MDPM, Waukesha, WI, USA). 
Excluded from the study were patients who were not fluent in 
English, had an arm circumference >42 cm, were participat- 
ing in other hypertension-related trials, were using home BP 
monitoring, had cognitive impairment as measured by the 
Mini-Mental State Examination, were unable to complete 
screening and baseline assessments, and were unwilling or 
unable to provide written consent. Trained research assis- 
tants explained the goals of the study to the participants and 
obtained baseline clinical and sociodemographic data. 26 

Measurements 

Daytime sleepiness 

We used the Epworth Sleepiness Scale to assess the sever- 
ity of daytime sleepiness. This is a self-reported eight-item 
questionnaire using a Likert-type scale in which the respon- 
dent indicates a number ranging from 0 (would never doze 
or sleep) to 3 (indicating a high chance of dozing or sleep- 
ing) based on a given situation including sitting and read- 
ing, watching television, or sitting and talking to someone. 
Respondents who scored greater than 1 0 would be considered 
sleepy. Validation studies show satisfactory test-retest reli- 
ability (£=0.82) and a Cronbach's alpha of 0.88. 27 

Medication adherence 

Medication adherence was assessed using the Morisky Medi- 
cation Adherence scale, a validated and reliable measure of 
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adherence to medication. 28 Participants responded "yes" or 
"no" to the following questions: Do you ever forget to take 
your medicine? Are you careless at times about taking your 
medicine? Do you sometimes stop taking your medicine 
when you are feeling well? When you feel worse due to 
the medicine, do you stop taking it? Adherence was mea- 
sured on a scale of 0 to 4. Respondents who scored greater 
than 0 would be considered nonadherent. The scale has a 
Cronbach's alpha of 0.90 and has been used with similar 
samples. 28 

Statistical analysis 

We used frequency distribution and measures of central ten- 
dency to describe sociodemographic factors and the overall 
health risk profile of the sample. We used multiple logistic 
regression analysis to assess for an association between EDS 
and medication adherence, adjusting for effects of age, sex, 
employment, education, body mass index, and smoking and 
drinking history. All analyses were conducted using Statis- 
tical Package for the Social Sciences version 20 software 
(SPSS Inc., Armonk, NY, USA). All participants provided 
written consent and the study was approved by the New York 
University Medical Center Institutional Review Board. 

Results 

Of the sample, 71% were female, 72% had received at least a 
high school education, 51% reported a history of smoking, and 
33% reported a history of alcohol consumption. The average 
participant had a systolic BP of 144+29 mmHg and a diastolic 
BP of 86+19 mmHg. Mean total cholesterol, triglyceride, 
and glucose levels were 194+32 mg/dL, 122+71 mg/dL, and 
1 13+48 mg/dL, respectively. Overall, 27% of participants exhib- 
ited EDS, and 44% of those who exhibited EDS were classified 
as being adherent to prescribed antihypertensive medications. 

Table 1 shows patient characteristics on the basis of 
adherence status. There were no significant differences 



by sex. However, when examining other sociodemographic 
variables and health risks, we found that those who were 
adherent were more likely to be employed, have at least a 
high school education, be less likely to report a history of 
drinking, but be more likely to report a history of smok- 
ing. As shown in Table 2, our logistic regression analysis 
indicated that there was a two-fold increase in the odds 
of being nonadherent among individuals who exhibited 
EDS (odds ratio 2.28, 95% confidence interval 1.42-3.67, 
P<0.001). Of note, age was a significant contributing fac- 
tor in the model. 

Discussion 

Our study provides evidence of a relationship between EDS 
and medication adherence in hypertensive blacks. One in 
four participants exhibited EDS, and individuals who exhib- 
ited EDS were nearly twice as likely to be nonadherent. The 
reported EDS is consistent with other large-scale population 
studies on the prevalence of EDS in the US population. 12 
Similarly, the adherence rates are consistent with other studies 
of black hypertensive patients, with nearly one half classified 
as being nonadherent. 29 

Our findings are also consistent with a previous study of 
adult patients with heart failure showing that nonadherence 
to prescribed medication was significantly higher among 
individuals who experienced sleepiness using an Epworth 
cutoff score of &6. 30 The exact mechanisms underlying 
such associations are not entirely understood. The authors 
of the aforementioned study concluded that the association 
between sleepiness and adherence might be explained by 
cognitive impairment. Cognitive impairment might not have 
played a significant role in our study, because we included 
only individuals who were unimpaired. Conceivably, the 
overall disease burden might be an explanatory factor, given 
that patients with hypertension often have several comorbid 
conditions, including diabetes and obesity. 31 However, we 



Table I Adherence status by sociodemographic characteristics 
and health risks 



Variable 


Adherence status 
Adherent Nonadherent 


P value 


Age (mean ± SD) 


S5±I2 


60±l 1 


<0.00l 


BMI (mean ± SD) 


34±8 


32±6 


0.004 


Female sex % 


72 


72 


0.800 


Employed % 


39 


28 


0.001 


ahigh school % 


37 


38 


0.017 


Alcohol history % 


37 


26 


0.001 


Smoking history % 


55 


46 


0.008 



Note: Mean ± SD and (%) is reported. 

Abbreviations: BMI, body mass index; SD, standard deviation. 



Table 2 Associations of sociodemographic characteristics and 
risk factors with EDS and adherence 



Variable 


OR 


CI 


P 


Sleepy 


2.28 


1.42-3.67 


<0.00l 


Age 


0.97 


0.95-0.99 


<0.00l 


BMI 


1.02 


1 .00-1. 10 


0.1 10 


Sex 


1.13 


0.71-1.80 


0.606 


Employed 


1.41 


0.90-2.22 


0.140 


Education 


0.92 


0.75-1.06 


0.205 


Alcohol use 


1.29 


0.74-1.90 


0.468 


Smoking 


1.34 


0.86-2.10 


0.195 



Abbreviations: BMI, body mass index; EDS, excessive daytime sleepiness; OR, 
odds ratio, CI, confidence interval. 
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should note that mixed results have been reported with some 
studies finding patients with fewer comorbidities are more 
likely to be adherent, and others finding that patients with a 
higher number of cardiovascular-related comorbidities are 
more likely to be adherent. 32-34 

In our analysis, sex was not related to adherence status. 
In another study utilizing the National Health and Nutrition 
Examination Survey ( 1 999-2004), men had better BP control 
than non-Hispanic black women (51.1% versus 38. 8%). 35 
In addition, results from initial analysis of another study 36 
showed no significant sex-based differences. However, 
when interactions between sex and education were explored 
women with lower education were less likely to be adherent 
than their male counterparts. 36 

The results of our study have a number of clinical 
implications that must be addressed. First, they suggest that 
health care providers should screen hypertensive patients for 
sleep-related disorders, particularly EDS. One such screening 
tool is the Epworth Sleepiness Scale, which is a relatively 
easy survey that can be self-administered. Other validated 
self-administered tools are available as well. If necessary, 
health care providers should organize referral for a sleep 
study to ascertain the presence of obstructive sleep apnea, 
a well known independent risk factor for hypertension. 17-19 In 
either case, this must be done in a culturally and linguistically 
appropriate manner when targeting minority communities. 
Second overall management of hypertension should include 
newly identified comorbid conditions including sleep-related 
problems and not solely the traditional conditions like diabe- 
tes and chronic kidney disease. Third behavioral interven- 
tions that seek to address adherence status should include 
adherence to both prescribed sleep and hypertension regi- 
mens. Finally, studies may also wish to look at mechanistic 
factors that may be common to both daytime sleepiness and 
adherence, such as stress, especially in low-income com- 
munities such as the ones sampled in this study. 37 

Our study has some limitations, including the use of sub- 
jective data to measure sleepiness and medication adherence. 
First, the subjective nature of the data may underestimate the 
prevalence of EDS, which is a strong predictor of obstructive 
sleep apnea in this population. 37 - 38 However, the data collected 
in this study do not allow us to determine such associations. 
Indeed obstructive sleep apnea is prevalent among hyper- 
tensive patients; unique to this report is that sleep-related 
problems and symptoms in the absence of a sleep disorder 
could contribute to medication adherence. Second we used 
self-reported medication adherence. Future studies should 
consider valid and reliable objective measures of medication 



adherence, which could prove useful in obtaining more 
accurate assessments. 11 Finally, the findings are limited to a 
specific population, ie, low-income blacks, so are not rep- 
resentative of the entire US adult population. Despite these 
limitations, we believe that our findings add to the growing 
body of literature linking sleep and hypertension. 

Conclusion 

Overall, patient nonadherence continues to represent a 
significant public health burden. Our findings suggest that 
multifaceted and innovative interventions coupled with tra- 
ditional risk factors could facilitate medication adherence 
among blacks. 
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